Abstract
Introduction
The development of flexible and robust plastic displays will lead to enhancements in both the variety and usage of display products. In particular, flexibility opens up to an entirely new display market where conformability and wearability are leader concepts. Plastic substrates exhibit, as main advantages in comparison with glass, a reduction in weight and thickness of the display and virtually eliminate the problem of display breakage during both fabrication and use. Furthermore, plastic substrates offer the possibility of significant reductions in cost due to their compatibility with R2R (roll-to-roll) processing and printing technology.
Among FPD technologies, high quality displays are achieved by Active Matrix TFT arrays. Plastic substrates are an available alternative to glass in this application, but standard processing techniques for both a-Si and poly-Si TFTs on glass require temperatures higher than those compatible with commonly available plastics (~350 °C for conventional a-Si:H TFTs and ~450 °C for poly-Si TFTs 
Film Testing and characterization
A multi-step lithography process requires the dimensional stability of the substrate. The causes of dimensional changes of plastic during the process are related to the high temperature reached in several steps and the absorption of water and solvents used in the etching and washing steps [5] . Both these aspects have been evaluated for the plastic substrates.
We have studied dimensional stability of Appear TM 3000 and AryLite TM in a standard semiconductor processing. The results are shown in Figure 1 . The cumulative dimensional changes, after the 7 processing steps, of Appear TM 3000 and AryLite TM are respectively -0.003% and 0.000%, results that are quite interesting although the dimensional change of each step is important as well.
It has been shown that plastic, as well as glass, can be stabilised by reducing the heat shrinkage -irreversible dimensional change due to molecular rearrangements and free-volume reduction -by an appropriate thermal pre-treatment. When such a pre-treatment is performed, subsequent treatments at lower temperature or for a shorter time cause only small dimensional changes. Substrates having a shrinkage rate (compaction) of <3 ppm/hr ensure accurate registration between steps (i.e., a movement of <1 µm over an entire 12"x12" display) [6] .
The shrinkage of hardcoated Appear TM 3000 and AryLite TM films has been measured at temperatures in the range of 250-300 ºC.
The results at 300 ºC are shown in Figure 2 . Both films reach the target shrinkage rate (3 ppm/hr) after ~50 hours of treatment under vacuum (10 -3 Torr). Another intrinsic property that plays a fundamental role in the processability of plastic substrates is the thermal expansion or CTE -reversible dimensional change due to polymer structure and molecular mobility. CTE of Appear TM 3000 and AryLite TM has been measured at temperatures in the range of 50-230 ºC. Figure 3 shows the results obtained for Appear TM 3000 and AryLite TM film after thermal pre-treatment. PES (Sumilite® FST X012S) and PI (Kapton 300FPC) have been measured as a reference. Poly-Si TFTs can be formed at low temperature using the excimer laser crystallisation of PECVD amorphous silicon and this enables the integration of highperformance and stable drive circuitry on plastic [6].
Poly-Si fabrication process
In the present paper, the preliminary work of array fabrication on AryLite TM film support is reported. The film substrate is previously cleaned by common glass washing procedure (detergent, HNO 3 35%). A thermal treatment of 24 hours at 275 °C in vacuum (10 -3 torr) reduces then the thermal shrinkage to the desired value. On one side of the plastic support, the backside of the device, a 0.5 micron-thick SiO 2 layer is sputtered at a relatively low temperature to compensate compressive stresses generated in the multilayer structure during the stack deposition. These stresses without proper compensation could cause curling of the substrate. On the other side, the surface is thermally protected by a 0.1 microns layer of sputtered SiO 2 which also helps the adhesion of the stack films to the plastic substrate. The stack films of 0.2 microns SiNx, 0.2 microns SiO 2 and 0.04 microns a-Si are deposited onto the front side by PECVD at temperatures of 200-275 °C. In the above processes, adhesion is also promoted by a proper surface activation with Ar plasma treatment. The plastic substrate is flat coming out of this coating process. The a-Si layer is first dehydrogenated by scanning the surface with an excimer laser using 20 pulses per point with a peak energy of 230 mJ/cm 2 /pulse, then crystallized using 20 pulses per point with a peak energy of 320 mJ/cm 2 /pulse. Due to accumulated internal stresses, optimisation of composition, stress and adhesion for each layer is needed in order to avoid warping of the substrate and cracking of the layers during deposition and/or AppearTM 3000 AryLiteTM laser annealing. Such stresses arise, for the most part, from difference in CTE of the plastic substrate and inorganic layers. Figure 4 shows the prototype fabricated on AryLite TM at 250 °C degrees with homogeneous flat surface of crystallized poly-Si. A similar fabrication approach is being evaluated on Appear TM 3000 as well. Initial experiments provide promising results. The success of deposition of poly-Si on AryLite TM film opens up the possibility of fabricating poly-Si TFTs on plastics. Our previous work [4, 6] reports that poly-Si TFTs made on glass and plastic substrates (PI) at 250 °C have identical characteristics and show as good stability to gate and drain bias stresses as devices formed more conventionally at higher temperatures. The only polymer substrate available then for this process was PI which had a strong drawback due to its poor optical properties. Results presented here demonstrate that both Appear TM 3000 and AryLite TM are viable substrate candidates for this technology.
Conclusions
Promerus LLC and Ferrania Imaging Technologies have successfully developed a set of high-temperature films for plastic AryLite TM films are being manufactured in a continuous process. Further optimization of these engineered substrates is underway to reduce oxygen and moisture transmission. Successful deposition of poly-Si layer for TFT arrays has been demonstrated on AryLite TM and Appear™ 3000 substrates. Fabrication of highperformance TFTs on these substrates is in progress at Philips Research Laboratories in Redhill. The results presented in this paper open up, with reasonable confidence, to the successful fabrication of high-performance TFT arrays on plastic substrate.
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